The onset and duration of sleep are thought to be primarily under the control of a homeostatic mechanism affected by previous periods of wake and sleep and a circadian timing mechanism that partitions wake and sleep into different portions of the day and night. The mouse Clock mutation induces pronounced changes in overall circadian organization. We sought to determine whether this genetic disruption of circadian timing would affect sleep homeostasis. The Clock mutation affected a number of sleep parameters during entrainment to a 12 hr light/dark (LD 12:12) cycle, when animals were free-running in constant darkness (DD), and during recovery from 6 hr of sleep deprivation in LD 12:12. In particular, in LD 12:12, heterozygous and homozygous Clock mutants slept, respectively, ϳ1 and ϳ2 hr less than wild-type mice, and they had 25 and 51% smaller increases in rapid eye movement (REM) sleep during 24 hr recovery, respectively, than wild-type mice. The effects of the mutation on sleep are not readily attributable to differential entrainment to LD 12:12 because the baseline sleep differences between genotypes were also present when animals were free-running in DD. These results indicate that genetic alterations of the circadian clock system and/or its regulatory genes are likely to have widespread effects on a variety of sleep and wake parameters, including the homeostatic regulation of sleep.
Sleep regulation has been modeled as a two-process system consisting of a homeostatic process and a circadian timing process, which together determine the propensity, length, and incidence of episodes and intensity of sleep (Borbely, 1982) . The homeostatic process is manifest in the dependence of sleep on wake, with a greater propensity for sleep after a longer wake time. The circadian control of sleep is manifest in the consolidation of periods of wake and sleep preferentially to specific phases of the light/dark (LD) cycle. More to the point, consolidation continues to occur on a near 24 hr basis when the environment is devoid of any time cues (Czeisler et al., 1980; Zulley et al., 1981) . Furthermore, altering the circadian phase at which sleep occurs, as in temporal sleep displacement (Akerstedt and Gillberg, 1981) or a forced desynchrony protocol (Dijk and Czeisler, 1994) , has also demonstrated clear circadian variation in sleep propensity and sleep architecture.
At the present time, it is not clear whether the circadian and the homeostatic processes are independent or whether they are interconnected with one another at the cellular and/or systems levels. Lack of knowledge about the relationship of these two processes to one another is in part attributable to the limited number of approaches that have been used to examine this relationship. The most widely used approach has been to lesion the master circadian pacemaker, the hypothalamic suprachiasmatic nuclei (SCN), and then to examine the effects of such lesions on the homeostatic process. Such an approach has yielded conflicting results in the two species that have been examined, the rat and the squirrel monkey (Mouret et al., 1978; Mistlberger et al., 1983 Mistlberger et al., , 1987 Tobler et al., 1983; Eastman et al., 1984; Borbely et al., 1989; Edgar et al., 1993; Klerman et al., 1999 ).
An alternative approach to lesion studies for determining the effects of circadian rhythmicity on the overall time spent in sleep and wake is to examine sleep characteristics in animals that have a genetically altered circadian clock system. Such an approach is now possible in mice. Clock, the first mammalian circadian gene identified, was found via a mutagenesis phenotypic screen (Vitaterna et al., 1994) and subsequently cloned King et al., 1997) . The Clock mutation has effects on numerous aspects of circadian rhythmicity, including a lengthened and less stable circadian period in heterozygotes and homozygotes and loss of rhythmicity in constant conditions in homozygotes (Vitaterna et al., 1994) . Although less stable, both heterozygous and homozygous Clock mutant animals remain entrained with normal phase to a 24 hr LD cycle (Vitaterna et al., 1994) . To determine whether the Clock mutation affects the homeostatic regulation of sleep, we have compared sleep and electroencephalographic (EEG) activity in mice heterozygous (Clock/ϩ) or homozygous (Clock/Clock) for the Clock mutation with wild-type (ϩ/ϩ) animals under entrained baseline and recovery from a short period of sleep deprivation, as well as in free-running Clock/Clock and ϩ/ϩ mice.
MATERIALS AND METHODS
All animals used in this experiment were coisogenic C57BL /6J male mice between 3 and 5 months of age born and maintained in the Association for Assessment and Accreditation of Laboratory Animal C are accredited C enter for E xperimental Animal Resources at Northwestern University. Different groups of animals were used for the experiments conducted under entrained and free-running conditions. For the entrained experiments, six homozygous Clock mutant mice, nine heterozygous Clock mice, and six wild-type mice were recorded. Mice were entrained to a 12 hr light /dark (LD 12:12) cycle with lights on at 5:00 A.M. and lights off at 5:00 P.M. For the free-running experiments, six Clock homozygotes and six wild types were maintained in constant darkness (DD) after implant surgery. All Clock genotypes were determined by PCR amplification of genomic DNA extracted from tail tip biopsies as described previously (Herzog et al., 1998) . Food and water were available to all animals ad libitum. All procedures were approved in advance by the Animal C are and Use Committee of Northwestern University.
Activit y recording. Activity was monitored using infrared (IR) motion sensors (A1 Securing and Electrical L td., Huyton Merseyside, UK) located directly above each cage. Activity patterns were recorded and analyzed with the Chronobiology K it (Stanford Software Systems, Stanford, CA). IR activity monitoring was used to ensure entrainment to the light /dark cycle, monitor recovery from surgery, and provide a phenotypic measure of activity patterns for individual mice in DD.
Recording of sleep. Mice were anesthetized using methoxyflurane (Pittman-Moore Laboratories) inhalant anesthetic and implanted with EEG and electromyographic (EMG) electrodes for polysomnographic recording. For monitoring EEG signals, stainless steel recording screws (model 000 -120; Small Parts Inc., L ogansport, I N) were positioned 1 mm anterior to bregma, 0.5 mm right of the central suture, and contralaterally at 0.5 mm posterior to lambda and 1 mm left of the central suture. EMG activity was monitored using stainless steel, Teflon-coated wires bilaterally placed into both trapezius muscles. All electrodes were fastened to a 1 ϫ 4 pin grid array, and the entire head implant was attached to the skull using cyanoacrylate. Recovery from surgery was considered complete when animals returned to presurgery activity levels, typically within 6 d.
In the LD experiment, mice were placed in a sleep-recording chamber and connected to a lightweight rotating tether that permitted free movement throughout the cage. E xcept for the recording tether, conditions in the recording chamber were identical to those in the home cage. Mice were allowed a 48 hr acclimation period to adjust to the tether. Baseline EEG and EMG waveforms were then collected continuously for 24 hr in each animal beginning at light onset. During the final 6 hr of the light period after the completion of baseline, mice were sleep deprived by placing them on 3.5 cm diameter platforms surrounded by room temperature water, 2 cm deep. EEG and EMG signals were observed during this period to try to detect and disrupt (by opening the recording chamber and gently touching the animal) any episodes of sleep. At the end of the sleep deprivation period (dark onset), mice were placed back in their home cages and allowed to sleep ad libitum. Polysomnographic data were then collected continuously for another 24 hr to monitor recovery sleep.
Procedures during the DD experiment were similar. All mice were placed in constant darkness immediately after surgery. This allowed 7-10 d of free-running activity (long enough to estimate free-running period) before sleep data were collected. EEG and EMG signals were recorded over one complete circadian cycle (activity onset-activity onset).
EEG signals were amplified ϳ25,000ϫ, with Ϫ6 dB/oct high-pass and low-pass filters set at 0.1 and 30 Hz (3 dB), respectively. EMG signals were amplified 50,000ϫ and low-pass filtered at 100 Hz. Both signals were then digitized at 100 Hz /channel by an analog-to-digital converter (model DT-01EZ; Data Translation Inc., Marlboro, M A) and stored on an I BM AT-compatible computer. Waveforms were collected using ACQ, a software system designed specifically for gathering and analyzing rodent sleep data .
Scoring and anal ysis of sleep. After collection, all waveforms were classified independently by two sleep scorers (one blind to genotype, one not) into 10 sec epochs of either wake (low-voltage, high-frequency EEG; high-amplitude EMG), non-rapid eye movement (N REM) sleep (highvoltage, mixed-frequency EEG; low-amplitude EMG) or REM sleep (EEG with a predominance of theta activity; very low-amplitude EMG). Epochs that were unscorable because of electrical noise were considered artifact (Ͻ0.06% of epochs) and excluded from f urther analysis. Scorers agreed 95% on sleep versus wake epochs and 85% on N REM versus REM. Epochs with discrepant scores were reexamined by both scorers together to produce consensus scores. There were no significant differences between genotypes in a number of discrepant epochs (one-way ANOVA; F (2,18) ϭ 0.53; p ϭ 0.60).
Episodes of sleep or wake were defined as requiring six consecutive epochs for onset. Other aspects of sleep architecture, including number, duration, and continuity of wake, sleep, REM, and N REM episodes were also defined in terms of numbers of consecutive epochs in various stages as described previously (Naylor et al., 1998) . Artifact episodes of Ͻ1 min were treated as a continuation of the previous wake -sleep episode. Artifact episodes 1 min or longer (five episodes among three Clock /Clock and six among three ϩ/ϩ mice) caused any wake -sleep episodes begun before the artifact to be removed from analysis.
EEG power was calculated on EEG epochs classified as either N REM or REM sleep using a Fast Fourier Transform (FF T) from the M ATL AB development platform. FF Ts were calculated in 2 sec windows synchronized with the 10 sec scoring epochs. A 50 V, 5 Hz calibration signal recorded for each mouse was used to calculate calibrated values for power density in the delta (0.5-5 Hz), theta (6 -10 Hz), and sigma (11) (12) (13) (14) (15) bands during N REM and REM sleep.
Statistical anal yses. As has been reported in other rodent studies (Trachsel et al., 1988; Naylor et al., 1998) , the within-group variability for EEG delta power was high. This problem is particularly acute in mice, whose small skull size makes electrode placement difficult to replicate. To reduce within-group variability, the power measures for each mouse were normalized by dividing them by the mean delta power during REM for that mouse (Naylor et al., 1998) . There were no significant differences across groups in calibrated REM delta power (F (2,18) ϭ 1.85; p ϭ 0.19); hence, this normalization would not differentially affect values for mice of different genotypes. Statistics reported below are for normalized values. T wo types of measure are reported: mean power per N REM epoch, which might be considered a measure of sleep intensity, and total N REM energy (summed power over all N REM epochs), which can be considered a measure of sleep amount which takes both time and intensity into account.
All statistical comparisons were made using NC SS 97 software (NC SS, Kaysville, UT). Comparisons between genotypes were by one-way ANOVA followed, where appropriate, by T ukey -Kramer post hoc tests. Significant differences were defined as p Ͻ 0.05. Group values were expressed as mean Ϯ SEM.
RESULTS

Sleep-wake cycle during entrained conditions
As a first step in assessing the effects of the Clock mutation on sleep, vigilance states were scored from 24 hr of continuous recording in C57BL/6J coisogenic mice of all three Clock genotypes (ϩ/ϩ, Clock/ϩ, and Clock/Clock) in the same LD 12:12 cycle to which they had been exposed since birth. The three genotypes had indistinguishable EEG waveforms. As seen in Figure 1 A, the presence of the Clock mutation significantly decreased the total time spent asleep during the entire 24 hr LD cycle (F (2,18) ϭ 13.73; p Ͻ 0.001). Whereas baseline sleep amounts seen in wild-type mice were similar to previously published results for this strain (Nagasaki et al., 1980; Richardson et al., 1985; Welsh et al., 1986) , Clock heterozygotes slept 9% (or ϳ1 hr) less per day and Clock homozygotes slept 18% (or ϳ2 hr) less per day than did wild-type mice.
The differences among Clock genotypes in total amounts of sleep were almost entirely attributable to differences in the amount of NREM sleep. Clock homozygotes had significantly lower NREM sleep times than wild-type mice during both the 12 hr light ( 1 B) (F (2,18) (Fig. 1C) (F (2,18) To characterize further the lower sleep time observed in the Clock mutants, sleep architecture was analyzed; in particular, we sought to determine whether differences in sleep episode length, number, or composition might underlie the sleep changes associated with the mutation. During the 12 hr light period, all genotypes had equal numbers of sleep episodes (wild type, 19.7 Ϯ 1.7; Clock/ϩ, 17.5 Ϯ 1.0; Clock/Clock, 19.8 Ϯ 1.6). The reduced sleep in Clock homozygotes during the light period corresponded with a significant reduction in the mean NREM episode length (wild type, 8.3 Ϯ 0.4 min; Clock/ϩ, 8.1 Ϯ 0.4 min; Clock/Clock, 6.6 Ϯ 0.2 min; F (2,18) ϭ 5.76; p ϭ 0.012), which, in turn, corresponded with marginally shorter sleep episodes (wild type, 26.3 Ϯ 2.6 min; Clock/ϩ, 29.0 Ϯ 1.9 min; Clock/Clock, 21.6 Ϯ 2.0 min; F (2,18) ϭ 3.41; p ϭ 0.055). The mean NREM episode length during the 12 hr dark period was also significantly lower in Clock homozygotes (5.8 Ϯ 0.2 min) compared with wild types (7.7 Ϯ 0.6 min) or Clock heterozygotes (8.1 Ϯ 0.4 min) (F (2,18) ϭ 6.9; p Ͻ 0.01). However, the number of brief (Ͻ60 sec) arousals from sleep in Clock homozygotes (200 Ϯ 15) was nonsignificantly (F (2,18) ϭ 1.3; p ϭ 0.30) lower than in heterozygotes (211 Ϯ 14) or wild-type mice (240 Ϯ 23). Therefore, it is unlikely that the quality of the sleep in the Clock mutants was any worse than in wild types and, more importantly, unlikely that the mutation lowers the arousal threshold.
EEG spectral power in the delta frequency range is often used as a correlate of sleep drive or intensity. The total NREM delta energy (power summed over the entire 24 hr baseline recording period) was significantly lower in Clock homozygous compared with both wild-type and heterozygous mice (F (2,18) ϭ 10.63; p Ͻ 0.001). However, there were no significant differences between genotypes in the theta and sigma bands (theta, F (2,18) ϭ 2.15; p ϭ 0.146; sigma, F (2,18) ϭ 2.30; p ϭ 0.128). NREM delta power also was not significantly decreased in Clock mutants (F (2,18) ϭ 2.68; p ϭ 0.096).
Sleep-wake cycle during free-running conditions
Clock homozygous mice exhibit a free-running period considerably longer than 24 hr (Vitaterna et al., 1994) . To test the possibility that the reduced sleep of Clock mutants could be attributable to a difference in entrainment to a 24 hr LD cycle, we recorded sleep from free-running Clock/Clock and wild-type animals in DD. Clock homozygous mice demonstrated the expected increase in the freerunning period of the activity rhythm (28.75 Ϯ 0.09 hr) over wild types (23.68 Ϯ 0.06 hr; p Ͻ 0.001). To be able to compare mice with different free-running periods, we normalized data that were in the form of sums over time by dividing by the individual period lengths to give proportional or rate measures. As was observed under entrained conditions, Clock homozygous mice spent a greater proportion of their circadian cycle awake than did wild-type mice (Fig.  2) . Likewise, the lower proportional sleep time under DD conditions was again associated with proportionally less NREM sleep.
When sleep architecture was analyzed, Clock homozygous mice again showed shorter NREM episode lengths (6.9 Ϯ 0.4 min) than wild types (8.8 Ϯ 0.5 min; p ϭ 0.01). As in LD 12:12, there was no significant difference in the rate of brief arousals between genotypes. As in LD 12:12, there was somewhat lower total NREM delta energy production rate in the Clock mutants than in the wild-types mice when equated for period length, although the difference did not reach significance ( p ϭ 0.14). However, the total energy is calculated by summing the power over different total intervals for the different genotypes (determined by the individual's free-running period). In other words, an equivalent (actually 20% less) delta energy is accumulated over ϳ28 hr in Clock/Clock mice as is accumulated over ϳ24 hr in wild-type mice. As in LD 12:12, the mean NREM delta power was not different between the two DD groups.
Recovery sleep after sleep deprivation
To address the question of whether the reduced sleep observed in Clock mutant mice might result from an inability to respond to sleep debt, we examined the response to a 6 hr period of sleep deprivation. Figure 3 shows the number of sleep epochs per hour for all three genotypes during both the baseline and recovery sleep periods. In all three genotypes, sleep time during the recovery 12 hr dark period was significantly greater than during the equivalent baseline period ( p Ͻ 0.01). The total amount of sleep during the 12 hr dark period immediately after sleep deprivation was significantly lower in Clock homozygous mice (39.1 Ϯ 1.8%) compared with Clock heterozygotes (44.9 Ϯ 1.6%) or wild-type mice (47.1 Ϯ 1.6%) (F (2,18) ϭ 5.41; p Ͻ 0.05). However, when the recovery sleep was treated as a percentage of each animal's individual baseline sleep amount, there were no significant differences across genotype in overall sleep or in NREM (Fig. 3 ). There were no significant differences among genotypes in the ratio of REM/NREM (ϩ/ϩ, 0.1615 Ϯ 0.0047; Clock/ϩ, 0.1451 Ϯ 0.0089; Clock/Clock, 0.1664 Ϯ 0.0134) in recovery sleep epochs (F (2,18) ϭ 1.46; p ϭ 0.26). Although there were no 24 hr baseline differences in REM, Clock homozygotes increased their time in REM sleep significantly less during the 24 hr recovery period (wild type, 33.5 Ϯ 3.4 min over baseline; Clock/ϩ, 25.1 Ϯ 2.9; Clock/Clock, 16.4 Ϯ 5.2%; F (2,18) ϭ 4.28; p Ͻ 0.05). The smaller increase in Clock/Clock REM sleep was particularly evident during the 12 hr dark period immediately after sleep deprivation. During this time, Clock homozygotes had only 15.7 Ϯ 3.4 min more REM sleep over their baseline REM amounts, whereas the other two genotypes showed nearly twice the increase (Clock heterozygotes, 31.0 Ϯ 2.4 min; wild type, 28.9 Ϯ 5.4 min; F (2,18) ϭ 5.07; p Ͻ 0.05). As with the baseline period, differences in total NREM delta energy during recovery sleep were also noted. Clock homozygotes generated significantly less NREM delta energy than either wild-type or heterozygous mice (F (2,18) ϭ 5.21; p Ͻ 0.05). Mean NREM delta power during recovery epochs, however, was not significantly different between any of the groups (F (2,18) ϭ 0.94; p ϭ 0.41; NS).
DISCUSSION
The results demonstrate that the Clock mutation affects sleepwake parameters in mice whether they are entrained to LD 12:12 or free-running in DD. These results indicate that mutation of a circadian clock gene influences not only sleep architecture but also the amount of sleep. The mutation does not, however, affect sleep intensity as measured by delta power.
The most striking effect of the Clock mutation on the sleep-wake cycle is that Clock heterozygous and homozygous mice slept 1 and 2 hr less, respectively, than wild-type mice during entrainment to LD 12:12. These differences in total sleep time were mainly in the form of reduced time in NREM sleep. The reduction in total NREM sleep in Clock mutant mice was associated with a reduction in the average NREM episode length and a decrease in the average sleep episode length. Of equal importance, these differences (as percentages of time spent awake and in NREM) were also present between free running wild types and Clock homozygotes. The finding that a mutation in the Clock gene changes the percentage of time spent asleep even when the animals are free-running indicates that the mutation is altering not only the timing of sleep (i.e., circadian sleep control) but also the amount of sleep (i.e., homeostatic sleep control).
If one accepts NREM delta power as indicative of sleep intensity (Borbely et al., 1989 ) (for review, see Rechtschaffen et al., 1999) , then there is no indication that Clock mutants compensate for sleeping less by sleeping more intensely. Such compensation is seen in short-or long-sleeping humans, for example (Aeschbach et al., 1996) . The Clock mutants could sleep less because they have some impairment preventing them from sleeping. Such an alteration should produce mice with a large cumulative sleep debt. However, there is no difference between genotypes in relative amount or intensity of recovery sleep after sleep deprivation, which indicates that Clock mutants are capable of increased sleep in response to increased sleep debt. Alternatively, the Clock mutants may sleep less because of altered homeostatic parameters, i.e., sleep "need" accumulates at a slower rate. Although our present results do not conclusively demonstrate such an alteration, they fail to support two other models (increased sleep intensity and an impaired homeostatic sleep response), which could account for the reduced sleep in Clock mutants.
Early studies in which the master circadian pacemaker, the SCN, was destroyed in the rat supported the hypothesis that the homeostatic process is independent of the circadian clock. Total destruction of the SCN abolished the normal circadian expression of the sleep-wake cycle but did not change the overall time spent asleep (Mouret et al., 1978; Eastman et al., 1984; Mistlberger et al., 1987) . Moreover, recovery sleep after sleep deprivation, a measure of homeostatic response, was unchanged (Mistlberger et al., 1983; Tobler et al., 1983; Borbely et al., 1989) . However, results of more recent SCN lesion studies in the squirrel monkey have not supported independent homeostatic and circadian processes. Complete lesions of the monkey SCN produced both a loss of circadian timing and a 4 hr increase in daily sleep time, suggesting that, at least in the monkey, the circadian and homeostatic processes do interact (Edgar et al., 1993) . This finding led to Edgar's "opponent process" model, the hypothesis that the SCN clock produces an "alerting" signal that enhances wake and thereby actively opposes the homeostatic tendency for sleep (Edgar et al., 1993) . Although they are in the opposite direction, the results of the present study are also consistent with the hypothesis that disruption of normal circadian clock function has major effects on the homeostatic control of sleep.
At least two general mechanisms can be proposed to explain how a mutation known to have a pronounced effect on the functioning of the circadian clock can lead to changes in the amount of NREM sleep. First, alteration in the circadian control either by lesioning the SCN or via the Clock mutation might expose a speciesdependent bias of the circadian clock toward sleep or waking as in Edgar's opponent process model (Edgar et al., 1993) . Alternatively, the effects of the Clock mutation on time spent asleep may be independent of SCN-circadian clock function. The finding that Clock mRNA is expressed throughout the brain, as well as in many other tissues Steeves et al., 1999) , raises the possibility that the effects of the Clock mutation on sleep may result from its action in other, non-SCN regions that influence the duration of sleep. The hypothesis that one or more of the genes controlling circadian timing has other functions has been proposed previously for the homolog of the mammalian Clock gene in Drosophila (Andretic et al., 1999) . Whether or not the SCN mediates the effects of Clock on sleep, the finding that the Clock mutation does influence total sleep time indicates that the circadian and homeostatic processes underlying the regulation of sleep are linked together at the molecular level.
As with the anatomical issue, the Clock mutation may impact sleep homeostasis either directly or via any gene(s) whose transcription is directly or indirectly regulated by CLOCK. Clock is known to encode a member of the basic helix-loop-helix PAS (Per, ARNT, Ahr, Sim) family of transcription factors, with the site of the mutation in the putative transactivation domain . CLOCK and its known partner BMAL1 can induce transcription of mPer1 via binding to an E-box sequence (Gekakis et al., 1998) . The Clock mutation results in reduced expression levels of mPer1, as well as other presumably nonclock genes, with regulatory sequences containing E-boxes, including vasopressin and the enzyme albumin D-element binding protein (DBP) (Shearman and Weaver, 1999; Ripperger et al., 2000) . Although at this point the genes that constitute the sleep homeostat are unknown, analysis of which Clock-regulated genes ultimately impact sleep homeostasis may indicate a molecular pathway that would lead to the identification of such sleep genes.
Given that Clock regulates its expression level, it is then of interest that mice lacking the gene for the transcription factor DBP are reported to have altered NREM delta power (Franken et al., 2000) . Gene-targeting studies have identified other genes that have effects on amounts, patterns, or proportions of time spent in different stages of sleep, including the prion protein (Tobler et al., 1996 (Tobler et al., , 1997 , the tumor necrosis factor 55 kDa receptor gene (Fang et al., 1997) , the serotonin 1B receptor gene (Boutrel et al., 1999) , the human insulin gene (Valatx et al., 1999) , insulin-like growth factor 1, and growth hormone (Zhang et al., 1996) . Mutations of the genes encoding the neuropeptide orexin (hypocretin) in the mouse (Chemelli et al., 1999) or its receptor in the dog (Lin et al., 1999) have been associated with sleep pathology similar to human narcolepsy. Genetic influences on sleep are also apparent from differences among inbred strains (Toth, 1996; Franken et al., 1998 Franken et al., , 1999b , forming a basis for quantitative trait loci analysis (Tafti et al., 1997; Franken et al., 1999a) to ultimately identify loci influencing sleep. The effects of the Clock mutation on sleep are of comparable impact with the effects of many of the targeted mutations or strain differences. Interestingly, some gene knock-outs with effects on sleep have shown modest effects on circadian period as well (Tobler et al., 1996; Lopez-Molina et al., 1997) . Whether this reflects some fundamental genetic relationship between circadian periodicity and sleep homeostasis remains to be determined.
The present studies are the first to examine how genetic alteration of a known circadian clock component impacts the sleepwake patterns in mice. It may well be that any pronounced genetic alteration of the circadian clock system will have effects on the amount and/or quality of the sleep-wake states, and it is now of obvious interest to determine to what extent manipulation of other proven and candidate mammalian circadian clock genes will affect sleep. Characterizing the sleep phenotypes in animals with genetically induced alterations in circadian clock function should prove to be informative for defining how the circadian clock and sleepwake system regulate overall temporal organization in mammals.
